Arabis alpina is a perennial arctic-alpine plant and an upcoming model organism for genetics and 14 molecular biology for the Brassicaceae family. One essential method for most molecular approaches 15 is the analysis of gene expression by quantitative Real-Time PCR (qPCR). For the normalisation of 16 expression data in qPCR experiments, it is essential to use reliable reference genes that are not 17 affected under a wide range of conditions. In this study we establish a set of 15 A. alpina reference 18 genes that were tested under different conditions including cold, drought, heat, salt and gibberellic 19 acid treatments. Data analyses with geNORM, BestKeeper and NormFinder revealed the most stable 20 reference genes for the tested conditions: RAN3, HCF and PSB33 are most suitable for cold 21 treatments; UBQ10 and TUA5 for drought; RAN3, PSB33 and EIF4a for heat; CAC, TUA5, ACTIN 2 and 22 PSB33 for salt and PSB33 and TUA5 for gibberellic acid treatments. CAC and ACTIN 2 showed the 23 least variation over all tested samples. In addition, we show that two reference genes are sufficient 24 to normalize qPCR data under our treatment conditions. In future studies, these reference genes can 25 be used for an adequate normalisation and thus help to generate high quality qPCR data in A. alpina. 2 26 130 131
Introduction 27
During the last years, A. alpina has been established as a new model system in the Brassicaceae 28 family (1, 2) . It is native to mountains and arctic-alpine habitats (3, 4) and combines several features 29 enabling genetic and molecular studies: it is diploid, self-fertile, has a small and sequenced genome 30 and can be transformed with Agrobacterium tumefaciens (1). A. alpina has an evolutionary distance 31 to A. thaliana of about 26 to 40 million years (4, 5) . This facilitates functional comparisons of 32 biological processes, as orthologous genes can be identified by sequence similarity and synteny (6).
33
Most molecular studies require quantitative analyses of the expression of genes of interest by 34 quantitative Real-Time PCR. For proper comparisons of expression levels, the expression data of the 35 genes under study are normalized using genes as a reference that show no or very little variation 36 under different conditions. In 2009, the Minimum Information for Publication of Quantitative Real-37 Time PCR Experiments (MIQE) guidelines were published, with the aim to provide a consensus on 38 correct performance and interpretation of qPCR experiments (Bustin et al., 2009 ). These guidelines 39 should ensure that the normalisation enables the comparison of transcripts in different samples by 40 correcting variations in yields of extraction and reverse transcription and the efficiency of 41 amplification. A pre-requisite for any qPCR analysis are suitable primer sets for reference genes that 42 are thoroughly tested. These need to fulfil various requirements: primers should create a specific 43 amplicon of 80 to 200 bp, without creating primer dimers. The amplification should be carried out 44 with close to 100 % efficiency and show a linear standard curve with a correlation of more than 0.99.
45
In general, there should be minimal variation between replicates, indicating consistent performance 46 of the primers. . alpina (1) . In a first step, we 67 amplified the gene fragments and verified the amplicon by sequencing. In addition, we analysed the 68 melting curves to exclude unspecific products and/or primer dimers ( Fig S1) . Expression stability of reference genes after treatments 77 The expression levels of the reference genes were detected as cycle quantification (Cq) values. The
78
mean Cq values over all treatments ranged between 15.10 (18srRNA) and 26.68 (SAND). The 79 18srRNA, UBQ10 and ACTIN 2 genes showed the highest expression/lowest Cq (Fig 1) To determine to what extend the selected reference genes respond to different stimuli, we analysed 86 their expression in cold, drought, heat, salt and gibberellic acid treatments. The stability was 87 calculated using three common statistical algorithms: NormFinder (7), BestKeeper (8) and geNorm 88 (9). These algorithms can be used to rank reference genes of a given set by their stability and 89 determine the most stable genes for the tested conditions. In addition, geNorm provides a cut off Optimal number of reference genes 111 For the optimal normalisation, it is necessary to use two or more reference genes in each 112 experiment. The optimal number of reference genes can be determined with the geNorm algorithm, 113 which calculates the pairwise variation V n/n+1 based on the normalisation factors NF n and NF n+1 , with 114 n≥2. If V n/n+1 is below 0.15, n is the optimal number of reference genes. For all tested treatments, 115 individually or combined, two reference genes are sufficient to normalise qPCR measurements (Fig   116  2) . The use of a third reference would not improve the results significantly. GA3ox1 (GIBBERELLIN 3-OXIDASE 1, GA responsive). All primers showed efficiencies of 80.28 to 127 104.22 % and correlations of more than 0.99 (Table 4 ). 
139
These results clearly show the necessity to use two reference genes simultaneously. at an optimum Tm of 60±2°C. Amplicons showed a single band of the expected size in gel 182 electrophoresis and a single peak in the melting curve ( Fig S1) 
Primers for reference genes were accepted with an efficiency of 90-110 % and a correlation between 203 -1 and -0.99. Primers for genes of interest were accepted with an efficiency of 80-120 % and a 204 correlation between -1 and -0.99.
205
The stability of the reference genes within a given set of different treatments was calculated from 206 the efficiency corrected data using the algorithms NormFinder (7), BestKeeper (8) and geNorm (9).
207
The geNorm algorithm was also used to define the number of reference genes necessary for 208 normalisation.
209
Normalisation against one reference gene was carried out using the normalisation factor, 210 normalisation against two reference genes was carried out using the geometric mean of the 211 normalisation factors, according to the geNorm manual (9). In accordance with this manual, standard 212 deviations between biological replicates were calculated over the means of the single replicates, 213 rather than the raw data.
214
Discussion 215 Gene expression analysis by qPCR is a high-throughput method, which is considered to be very 216 sensitive and reproducible. However, the accuracy of the results strongly depends on the 217 experimental design, adequate normalisation and exact analysis of the produced data (18).
218
Moreover, the qPCR primers must be specific, efficient, and -in the case of reference genes -stable 219 in the tested conditions (18). In this study, we analysed primers for one established reference gene 220 (RAN3; Wang et al., 2009) and 14 novel reference genes for Arabis alpina in several abiotic stress and 221 hormone treatments. EIF4a, ACTIN 2, CAC, TUA5, HISTONE H3, HSP81.2/90 and SAND were chosen 222 because they were already established as reference genes in other species (12) (13) (14) (15) (16) 19, 20 
248
It is generally recommended to use more than one reference gene to guarantee optimal 249 normalisation (18). Our data support this view. The normalised fold change values varied up to 250 28.9 % between two references. Moreover, we recommend that at least one of the reference gene 251 amplicons contains introns at the genomic level to recognize potential contaminations with genomic 252 DNA.
253
For cold treatments, we recommend RAN3, as the amplicon contains an intron, combined with HCF 254 or PSB33. As HCF and PSB33 are photosynthesis-associated proteins located in the thylakoid 255 membrane, there is no obvious reason to prefer one over the other. For drought treatments, UBQ10 256 and TUA5 were the most stable transcripts, with TUA5 also containing an intron. In heat, RAN3 can 257 be recommended in combination with PSB33 or EIF4a. As setups for heat treatments often go along 258 with specific light settings, it might be advisable to use EIF4a as a second reference here. For the salt 259 treatment, we found that CAC, TUA5 and ACTIN 2 are suitable, intron containing reference genes, 260 which can be combined with each other or PSB33. The combination TUA5 and PSB33 might be the 261 most efficient choice, as it is also the best option for GA treatments.
262
We found that there is no single reference gene, which is the best choice for all treatments.
263 However, all genes tested in this study, except for HSP81. 
